Computed tomography (CT) has recently come to be used for personal diagnosis of pneumoconioses and preliminarily for epidemiological purposes. This study aimed to compare the diagnosis of pneumoconioses b y t h e J a p a n e s e C l a s s i f i c a t i o n o f C T f o r Pneumoconioses (Hosoda-Shida Classification) with that by the ILO International Classification of Radiographs of Pneumoconioses (ILO 1980 standard). The Hosoda-Shida Classification is also described in this article. Subjects and Methods: CT and chest posterior-anterior X-ray (CXR) were performed in 21 subjects with an occupational history of mining, and 6 subject without exposure to any risk of pneumoconiosis. Three radiologists independently described the findings of CT and CXR according to both the Hosoda-Shida Classification and the ILO 1980 standard, respectively. Results: At least two of the three readers agreed in determining both the profusion and the type of small rounded opacities in 96% (26/27) of the CT films. The inter-reader agreement of profusion was satisfactory Received May 25, 2000; Accepted Oct 3, 2000 Correspondence to: N. Suganuma, Department of Environmental Health, Fukui Medical University School of Medicine, Fukui 910-1193 with the Cohen's weighted kappa value of 0.57 to 0.71. The weighted kappa for CXR and CT in describing the profusion and the type of small rounded opacities were 0.70 and 0.77, respectively. Conclusion: The HosodaShida Classification for pneumoconioses is shown to be reliable and compatible with the ILO 1980 standard in describing the profusion and the type of small opacities. (J Occup Health 2001; 43: 24-31) 
Pneumoconioses, pulmonary fibrosis caused by inhalation of silica, coal particles or asbestos, still have a great effect on occupational health all over the world. Among causative substances, asbestos is well acknowledged carcinogen of lung cancer and malignant mesothelioma, and silica was classified as a group I carcinogen by the International Agency for Research on Cancer (IARC) in 1996 1) . Although patients with early lesions of pneumoconioses usually do not have pulmonary dysfunction, they should be screened periodically for possible pulmonary malignancy.
Radiological examination is essential for the diagnosis of pneumoconioses for both clinical and epidemiologic purposes. The International Classification of Radiographs of Pneumoconioses published by International Labour Office (ILO), which was first developed in 1950 and had its last major revision was done in 1980
2) (ILO 1980 system), is a widely accepted standard of radiograph for the diagnosis of pneumoconiosis. Minor revision done in 1998 was mainly introduced quadrant films and some changes in the way of describing pleural plaques.
This classification system is widely used in the United States, where the National Institute of Occupational Health and Safety (NIOSH) and the American College of Radiology (ACR) collaborate to educate physicians to read radiographs of pneumoconioses according to the ILO 1980 system and certify as B-readers those who reached a certain level of diagnostic ability. European nations usually use the system for classifying pneumoconiosis, whereas some Asian countries, such as China and Japan, for instance, have modified the ILO 1980 system or developed their own classification system to cope with the national demand.
In Japan, workers with possible exposure to occupational dust are legitimately screened with a chest posterior-anterior radiograph, which is classified in the J a p a n e s e C l a s s i f i c a t i o n o f R a d i o g r a p h s o f Pneumoconioses (JC). Kusaka et al. investigated the differences between JC and ILO 1980 system and found that JC had a higher category than ILO 1980 system in describing pneumoconiotic lesions 3) . Although there are few people with severe findings in chest radiographs, more than 1,400 workers are still newly enumerated in Japan every year as subjects with pneumoconiotic changes for the prevention of progress under Pneumoconiosis Law and governmental compensation provisions.
In addition to the radiographs, computed tomography (CT) has recently been introduced for personal diagnosis of pneumoconioses and preliminarily for epidemiologic purposes. Since CT detects finer anatomical structure than radiography, it is expected to increase the sensitivity of diagnostic measures for this disease. The superiority of CT to radiography in detecting pleural thickening or plaque was the first to be discussed among the radiographic manifestations of pneumoconiosis 4, 5) . Making the most of High Resolution Computed Tomography (HRCT), it is possible to describe morphological changes in the secondary lobule of the lung 6) , in which the early characteristic lesions of pulmonary fibrosis are observed.
The clinical diagnosis of pneumoconiosis by use of CT varies among physicians. In some cases CT findings were overestimated as pneumoconioses for the lack of knowledge about pneumoconiotic changes on CT. A classification system of CT for pneumoconioses must be developed to provide reliable diagnosis of the disease with high reproducibility.
As for the diagnosis of pneumoconioses by CT in Japan, Y. Hosoda and H. Shida, leading Japanese experts of radiological diagnosis of the diseases, had developed the Japanese Classification of Computed Tomography for Pneumoconioses (Hosoda-Shida Classification) in 1995 7) . This article aimed to describe the Hosoda-Shida C l a s s i f i c a t i o n a n d t o c o m p a r e d i a g n o s i s o f pneumoconioses by the novel classification of CT with that by ILO 1980 system of radiograph, as it is desirable for the newly developed classification to be compatible with the long used system.
Subjects and Methods

Subjects
Twenty-one male workers with exposure to occupational dust and 6 males without any exposure to the risk of pneumoconioses were studied by means of the same examination protocol. The age of the exposed subjects ranged from 49 to 72, with a median of 62 yr old. Their median number of exposure years was 19, and the range was 5 to 42. All patients were ex-smokers except for one current smoker. The median age of the unexposed subjects was 56 yr and the range was 53 to 60. There were no smokers among 6 controls. The exposed subjects had been traced at the Department of Environmental Health, Fukui Medical University School of Medicine.
Computed tomography
All CT scans were performed on a GE9800 (General Electrics) scanner. Conventional CT (CCT) scans were obtained with 10 mm collimation at 1cm intervals from the apex to the base of the lungs and five to seven high resolution CT (HRCT) scans were subsequently obtained with 1.5 mm collimation through the upper, middle and lower thorax. Both CCT and HRCT scans were reviewed at window values most appropriate for pulmonary parenchyma (window level 500 to 700 and window width 1000 to 2000). Imaging was performed while patients were supine and holding their breath at maximal inspiration.
Chest posterior-anterior X-ray
High voltage posterior-anterior radiograph of the chest (CXR) was taken from each of the subject.
Hosoda-Shida classification
Japan Industrial Safety and Health Association (JISHA) developed the Hosoda-Shida Classification in 1993, according to which one can describe CT with pneumoconiotic changes referring to the 13 standard films. The standard films for categories 1, 2 and 3 of the profusion of small rounded opacities are shown in Fig.  1 . The reading sheet for this classification is reproduced in Table 1 . The readers describe the CT findings referring to the standard films guided by the checklist on the sheet. The terms used in the reading sheet are explained in the attached appendix 1. The Hosoda-Shida classification also provides recommendation for imaging parameters (Appendix 2).
Trial reading
Three expert radiologists, who have been diagnosing pneumoconioses for more than 10 years, independently described the findings of CT and CXR according to the Hosoda-Shida Classification for pneumoconioses and to the ILO 1980 system, respectively. The materials on exposed and unexposed subjects were given blindly to the readers. The CT findings were coded on the reading sheet described above. Part of both classification systems concerning small rounded opacities is reproduced in Table  3 .
Statistical evaluation
Cohen's weighted kappa statistics were used to assess inter-reader agreement among the three readers and agreement between the two diagnostic measures. In comparing the CT and CXR readings, we took each reading agreed on by two or more readers. Kappa statistics exceeding 0.75 were interpreted as excellent agreement, values between 0.4 and 0.75 as fair to good agreement, and values less than 0.4 as poor agreement 8) .
Results
Inter-reader agreement
At least two of the three readers agreed in diagnosing both the profusion and the type of small rounded opacities consisting primary lesions in 96% (26/27) of the CT films ( Table 2 ). The weighted kappa statistics on describing the profusion of rounded opacities showed good agreement between each pair of readers with a range of 0.57 to 0.71.
CT vs. CXR
Comparison between the CXR and CT readings on the profusion and the type of the small rounded opacities shows compatibility of the two diagnostic methods (Tables 3 and 4 ). The weighted kappa value between the two diagnostic measures on the profusion was 0.70 and that on the type of small rounded opacities was 0.77. Thus, agreement of CXR and CT readings on the profusion was fair to good, and that on the type of small rounded opacities was excellent. There was a case classified as category 1 in profusion by CT but category 0 according to CXR.
Discussion
Most proposed grading systems or classifications using CT only dealt with a specific type of pneumoconiosis, especially asbestosis 9, 10) . Even the German classification developed by Kraus et al., which attempted to describe all types of pneumoconioses, does not have appropriate standard films for the description but only has some reference films of example cases 11) . As far as the literature has been reviewed, this Hosoda-Shida classification is the only systematic classification system in the world that attempts to describe any type of pneumoconioses referring to standard films which represent the profusion and the type of small rounded opacities and irregular opacities. Standard films have proven to be essential to the classification system to maintain good inter-reader and intra-reader agreement in the development of the ILO classification of radiographs for pneumoconiosis 12) . The A former study that we performed with technegas ventilation single photon emission CT (SPECT), which made it possible to show impairment of ventilation in images on same plane as CT, validated the CT and HRCT readings by the prototype Hosoda-Shida classification. The profusion of the rounded opacities and the extent of emphysema, bullae of CT or HRCT in patients with silicosis were independently correlated with regional ventilation impairment 13) . The detection rate for early changes by CT among the CXR negatives was not so high in this study. CT detected rounded opacities among 10 cases with CXR negative but exposed to dust in one type p' case. The detection rate of 10% was lower than in other reports that dealt with early detection of nodular or fibrotic changes derived from pneumoconiosis. Gevenois et al. 14) showed that CT could detect micronodules in 40% of the 0/0 and 0/1 cases in coal workers. The reason for this relatively modest superiority of CT to radiography in detecting small rounded opacities in this study is that the aim of this study is different from the others with a high detection rate. We did not gather many CXR borderline cases of pneumoconiosis but have chosen enough cases to investigate inter-reader agreement by different diagnostic measures.
The radiographic findings for pneumoconioses have been mainly divided into silicotic nodules and fibrotic changes caused by asbestosis. Small rounded opacities predominant in the upper to middle lung fields are a wellknown manifestation of silicosis, whereas irregular opacities predominant in the lower lung field are compatible with asbestosis. Shida H et al. have shown radiologic and pathologic characteristics of mixed dust pneumoconiosis whose radiograph and CT have hazy rounded opacities often accompanied by fibrotic changes and its pathological section shows interstitial fibrosis 15) . Using CT and HRCT more and more early lesions of fibrotic changes will be detected among various types of pneumoconioses. Dividing the type of small opacities into small rounded and irregular opacities may not be enough to describe the character of each type of pneumoconiosis, especially in the CT classification. The tentative classification of CT for pneumoconioses proposed by Hosoda Y and Shida H showed acceptable inter-reader agreement and compatibility with the ILO 1980 system. Despite the good compatibility of HosodaShida classification with the ILO 1980 system in describing the profusion and the type of the small rounded opacities, there are some points to be clarified. First, the fair to good agreement between each pair of the readers was obtained because the subjects included in this study were limited to those at risk of silicosis. As the tested findings for CT were also limited to the profusion and the type of the small rounded opacities, the comparison between the Hosoda-Shida system and ILO 1980 became much easier than taking all the findings into consideration. Other materials manifesting the findings of irregular opacities, large opacities and pleural plaques need to be examined according to this classification system.
Although the kappa values are of fair to good agreement, three pairs of the readers showed different level of agreement. One of the possible way to increase the inter-reader agreement will be to require readers to use standard films strictly in reading the material films. How to prepare the standard films needs further elaboration to encourage readers to use standard films in classifying CT films. Selected slices of standard CT films may be edited to reconstruct a few CT sheets, which would be easier to use in clinics. There should be clear description, including tutorial schema of typical findings, of standard films attached to explain which shadow is to be referred to.
In describing the fibrotic changes, CT or HRCT have so much higher resolution than radiographs that subtle emphysema or honeycombing can be easily detected, so that irregular opacities, emphysema and honeycombing should all be considered. Some kind of scoring system other than that of profusion or extent may be needed to express the severity of fibrosis in CT film. Vehmas et al. have developed a grading system for asbestos-related disease integrating fibrotic findings on HRCT into grades 0 to V 16) . They have used the system to screen more than 700 workers at risk.
The terms used in the Hosoda-Shida classification may be insufficient to describe all types of fibrotic changes. It would be appropriate not to list all the findings on the reading sheet but to limit them to several major findings. The glossary 17, 18) proposed by Webb, WR et al. may be adopted as containing standardised terms for the purpose of avoiding misunderstanding in describing findings and harmonising existing classification systems.
In Conclusion, the Hosoda-Shida Classification of CT for pneumoconioses has been shown to be reliable and compatible with the ILO 1980 system for CXR in describing the profusion and the type of small rounded opacities. Through harmonising already developed classification systems, including the Hosoda-Shida classification, development of an International CT Classification for Pneumoconiosis is feasible. be even without nodular formation.
Pleural plaque
Localised lesion with the density of soft tissue parallel to the thoracic wall. Calcification of the lesion was reviewed in CT by soft tissue algorithm.
Lymphadenopathy
Mediastinal or hilar lymph nodes larger than 10 mm in diameter were detected as lymphadenopathy.
